Abstract-Ultrasonic scattering is determined by not only the properties of individual scatterers but also the correlation among scatterer positions. The role of scatterer spatial correlation is significant for dense medium, but has not been fully understood. The effect of scatterer spatial correlation may be modeled by the structure function as a frequency-dependent factor in the backscatter coefficient (BSC) expression. The structure function has been previously estimated from the BSC data. The aim of this study is to estimate the structure function from histology to test if the acoustically estimated structure function is indeed caused by the scatterer spatial distribution. Hematoxylin and eosin stained histological sections from dense cell pellet biophantoms were digitized. The scatterer positions were determined manually from the histological images. The structure function was calculated from the extracted scatterer positions. The structure function obtained from histology showed reasonable agreement in the shape but not in the amplitude, compared with the structure function previously estimated from the backscattered data. Fitting a polydisperse structure function model to the histologically estimated structure function yielded relatively accurate cell radius estimates (error < 15%). Furthermore, two types of mouse tumors that have similar cell size and shape but distinct cell spatial distributions were studied, where the backscattered data were shown to be related to the cell spatial distribution through the structure function estimated from histology. In conclusion, the agreement between acoustically estimated and histologically estimated structure functions suggests that the acoustically estimated structure function is related to the scatterer spatial distribution.
to estimate tissue features and properties such as scatterer size, shape, number density, mass density, and acoustic impedance. Tissue property estimation is achieved using a model-based approach, i.e., using an acoustic scattering model that describes the scattering based on tissue microstructure. The accuracy of the underling scattering model is critical to the success of QUS, while the development of accurate QUS models depends on a clear understanding of acoustic scattering mechanisms in various tissue types.
Physical principles suggest that acoustic scattering from discrete scatterers can be factored into two major components. One component is called the form factor that is determined by the properties of individual scatterers relative to the background [21] . The other component is referred to as the structure factor or structure function that is determined by the spatial distribution of scatterers [22] [23] [24] [25] [26] [27] [28] [29] . The form factor has been studied extensively, and many models have been developed and applied to various biological tissues. A few representative form factor models include the fluid-filled sphere model [21] , the Gaussian model [21] , the spherical shell model [21] , and the concentric sphere model [10] , [30] , [31] . The structure function, on the other hand, has not been sufficiently studied in the context of tissue scattering modeling although it can have a strong effect on scattering and is not negligible particularly when the scatterer concentration is high or scatterers are clustered. Therefore, this paper focuses on the study of structure function.
The concept of structure function was originally developed in statistical mechanics, and was first introduced to the field of acoustic scattering in [22] and [32] . Fontaine et al. first implemented this concept for describing biological scatterers [23] . Twersky described a theoretical structure function expressed as a function of the correlation length between scatterers, whereas Fontaine et al. expanded this concept using a Fourier transform of the individual scatterer' positions and validated the concept with the experimental data. The structure function has been used in ultrasound blood characterization to address the difficulty of modeling aggregated cells [24] , [33] . To study the effect of spatial distribution of scatterers on the backscattered signal, Monte Carlo studies were performed to simulate twodimensional (2-D) and three-dimensional (3-D) scatterer position distributions [34] [35] [36] . In addition, Franceschini et al. [37] conducted the experiments on concentrated tissue-mimicking phantoms and modeled the structure function using the PercusYevick [38] approximation. The results showed that the scattering models that took into account the Percus-Yevick structure function agreed better with the backscattered data than models that neglected the structure function. However, the phantom study dealt with comparison between the experimental backscatter coefficient (BSC) and the model BSC, where the effects of the structure function and form factor could not be separated. To more directly study the structure function in a previous study, we performed cell pellet biophantom experiments to extract the structure function from BSC [39] . In that study, two concentrations of biophantoms were constructed: a lower concentration and a higher concentration. The lower concentration cell pellet biophantom was designed to be sufficiently sparse such that the interaction among scatterers could be neglected and the structure function could be assumed to be unity. The higher concentration biophantom was designed to mimic tumors, where the cells were densely packed. The form factor was assumed to be the same for the lower concentration and higher concentration biophantoms. Then, the structure function of the higher concentration biophantom was extracted by comparing the BSCs of the two concentrations. The extracted structure function was in agreement with the theoretical structure function models developed in that study.
In this paper, we will develop the algorithms for estimating the structure function from the histology of biophantoms and compare the histologically estimated structure function to that estimated acoustically, as was done in [25] . Threedimensional histological data have been used by Mamou et al. to model and identify scattering structures [40] , [41] . In [40] and [41] , 3-D acoustic impedance maps (3DZMs) were created based on digitized histological images. The 3DZMs allow one to consider 3-D structures and polydisperse media to predict the scattered power spectrum. The 3DZM approach made it possible to connect ultrasound data with the actual 3-D structure of the tissue under investigation. Inspired by the 3DZM approach, this paper investigates the structure function using 2-D histological images. Specifically, the aim is to investigate whether the acoustically estimated structure function in [25] was indeed a result of the spatial distribution of scatterers. This investigation is helpful in improving our understanding of the relationship between the backscattered data and histology. As an example, we will apply the histological structure function algorithm to two mammary tumor types: a mouse carcinoma (4T1, ATCC #CRL-2539), and a mouse sarcoma [EnglebrethHolm-Swarm (EHS), ATCC #CRL-2108], to demonstrate how the backscattered data are related to the spatial distribution of cells as determined using hematoxylin and eosin (H&E) histology. The two types of tumor cells have similar cell morphology but different spatial distributions, and are ideal examples for the purpose of studying the structure function. This paper is organized as follows. The structure function theory will be reviewed in Section II. Section III will describe the experimental procedure for preparing the biophantom and tumor samples, and the algorithm for estimating the structure function from histological sections. Section IV will review the structure function results obtained acoustically for the biophantoms in [24] , and present the histologically estimated results, and compare the two. The histologically estimated structure function is then compared to a polydisperse structure function model developed in [25] . The structure function results from tumors will also be presented. Several issues in the results will be discussed as well. Section V concludes this paper.
II. STRUCTURE FUNCTION THEORY

A. Backscatter Coefficient
Consider a plane wave of unit amplitude incident on a scattering volume V that contains N discrete scatterers. The total scattered field far from the scattering volume behaves as a spherical wave [21, eq. (4)]
where r is the observation position with respect to the origin R = |r|, r j is the position of the jth scatterer, and k is the propagation constant (k = ω/c, where ω is the angular frequency and c is the propagation speed). The factor Φ j (K) is the complex scattering amplitude of the jth scatterer and describes the spatial frequency dependence of the scattered pressure; Φ j is a function of the scattering vector K whose magnitude is given by |K| = 2k sin(θ/2), where θ is the scattering angle (θ = π for backscattering). Φ j is dependent on the scatterer size, shape, and acoustic properties. The differential cross section per unit volume σ d (i.e., the power scattered into a unit solid angle observed far from the scattering volume divided by the product of the incident intensity and the scattering volume) may be expressed as
where I s and I 0 denote the scattering intensity and incident intensity, respectively, and | | 2 represents the squared modulus of the quantity. BSC is defined as the differential cross section per unit volume in the backscattering direction (|K| = 2k).
B. Structure Function
If the scatterers are spatially uncorrelated (which often occurs when the scattering volume contains a sparse concentration of scatterers without clustering), the phase terms e iK•rj in (2) may be assumed to be uncorrelated. The differential cross section per unit volume for this case is denoted by σ d,incoherent , and may be expressed as
If the scatterers are spatially correlated, and the scattering amplitudes Φ j (K) are identical for all the scatterers, then (2) may be simplified as
is the number density of the scatterers. Dividing (4) by (3) yields the structure function [25] N/A means no form factor is assumed.
If the exact position of each scatterer is known, the structure function can be calculated deterministically using (5) . Therefore, (5) is useful for numerically calculating the structure function from histology. A structure function of unity corresponds to uncorrelated random scatterer positioning, and the structure function values above unity means constructive interferences whereas the values below unity means destructive interferences due to the scatterer positioning.
If the positions of individual scatterers are unknown, the structure function can still be calculated from the distribution function of the scatterers. Different scatterer distribution function models will result in different structure function models. Also, the structure function can be affected by the scatterer size distribution. Three Percus-Yevick type structure function models based on different assumptions about the scatterer size and scattering amplitude were discussed in [25] : the monodisperse model, polydisperse model I, and polydisperse model II. The assumptions for the three models are listed in Table I . It was shown in [25] that the two polydisperse structure function models agree with the acoustically estimated structure function in dense cell pellets. The polydisperse model I will be used in this study to evaluate the histologically estimated structure function because it is mathematically simpler than polydisperse model II and does not require a form factor. In polydisperse model I, the scatterers are assumed to be nonoverlapping spheres. The probability density function of the scatterer radius is assumed to follow a Γ-(Schulz-) distribution with a probability density function [25] 
where a is the mean of the scatterer radius, and z is the Schulz width factor, which is a measure of the width of the distribution (a greater z value represents a narrower distribution). The structure function is expressed as a function of mean sphere radius a, Schulz width factor z, wavenumber k, and sphere volume fraction η. The detailed analytical expression of the structure function for the model is available in [25, Appendix A].
III. EXPERIMENTS AND METHODS
A. Experiment Overview
This paper presents two experiments, one using biophantoms, the other using ex vivo tumors. The biophantom experiment is a continuation of the experiment described in [25] . In [25] , three sets of biophantoms were constructed, with each set having two cell concentrations. Different sets of biophantoms were made from different cell lines, whereas the two concentrations of the same set were made from the same cell line. The biophantoms were composed of a known number of cells clotted in a mixture of bovine plasma (Sigma-Aldrich, St. Louis, MO, USA) and bovine thrombin (Sigma-Aldrich, St. Louis, MO, USA). Three cell lines were used to create the cell pellet biophantoms: Chinese hamster ovary [CHO, American Type Culture Collection (ATCC) #CCL-61, Manassas, VA, USA], 13762 MAT B III (MAT, ATCC #CRL-1666), and 4T1 (ATCC #CRL-2539). The mean cell radii for CHO, MAT, and 4T1 were 6.7, 7.3, and 8.9 µm, respectively, and the estimated Schulz width factor z for CHO, MAT, and 4T1 were 51.9, 65.8, and 31.9, respectively, based on light microscope measures [25] . The structure function was estimated from the BSC for the high-concentration biophantoms in [25] . This paper utilizes the histology slides stained with H&E from those biophantoms for structure function estimation.
For the tumor experiment, 4T1 and EHS ex vivo tumor samples were scanned using three single-element, weakly focused transducers (20-MHz transducer IS2002HR, from Valpey Fisher Cooperation, Hopkinton, MA, USA; 40-and 80-MHz transducers from NIH High-frequency Transducer Resource Center, University of Southern California, Los Angeles, CA; same as those used in [25] ). The total frequency range covered was 11-105 MHz. The BSC was estimated using the same planar reference technique as that used in [25] . H&E-stained histological slides from the tumors were used for the structure function estimation.
B. Tumor Sample Preparation
The 4T1 and EHS cells were injected into BALB/c mice and C57BL/6 mice, respectively, to grow into tumors. All animals were purchased from Harlan Laboratories, Inc. (Indianapolis, IN, USA). The animals were euthanized via CO 2 , and the tumors were immediately excised. The excised tumors were trimmed such that the thickness did not exceed 2 mm. This was done to reduce total attenuation and achieve a good signal-tonoise ratio for the insertion-loss attenuation measures that were needed for BSC calculation. The excised tumors were placed on a planar Plexiglas plate immediately after the trimming was performed. The tumors and the Plexiglas plate were submerged in DPBS for ultrasonic scanning. 15 4T1 and 13 EHS tumors were successfully excised, scanned, and analyzed. The tumor scanning was performed using the same setup and by the same operator during a period of a few weeks. Note that the attenuation and BSC results for the 15 4T1 tumor samples have been published in [39] .
The experimental protocol was approved by the Institutional Animal Care and Use Committee of the University of Illinois 
C. Histology Processing
Immediately after scanning, the sample was placed into a histology processing cassette and fixed by immersion in 10% neutral-buffered formalin (pH 7.2) for a minimum of 12 h for histopathologic processing. The sample was then embedded in paraffin, sectioned, mounted on glass slides, and stained with H&E for further evaluation by light microscopy (Olympus BX-51, Optical Analysis Corporation, Nashua, NH, USA).
D. Structure Function Estimation From Histology
An H&E-stained tissue section was viewed under the light microscope. For each tissue slide, a TIF format picture was taken using the digital camera that was connected with the microscope. The magnification of the objective lens was 40×. The digitized image had a size of 1920 × 1920 pixels, with a resolution of 5.72 pixels per micron. Therefore, the image covered an area of 336 × 336 µm 2 . For each scanned biological sample type, multiple pictures from separate histological sections were taken and analyzed. An example of the digitized image is shown in Fig. 1(a) .
A custom MATLAB routine was developed to allow manual determination of the cell center for each cell on the image. The manual determination process was completed by clicking on the visually inspected cell center of the image that was opened in MATLAB [ Fig. 1(b) ]. The cell center coordinates were automatically recorded. The 2-D form of (5) was then used to calculate the structure function from the recorded cell centers [42] . Specifically, the wave vector was chosen as Fig. 1(c) ]. The procedure for estimating the structure function from histology was repeated for three images per sample type. For example, the estimated structure function curves from three histological images for the 4T1 cell pellet biophantom is shown in Fig. 1(d) . The curves from the three images were averaged to yield the final histologically estimated structure function for a sample type.
E. Structure Function Model Fitting
The polydisperse model I introduced in Section II-B was fitted to the histologically estimated structure function of the cell pellet biophantoms to yield the scatterer size estimates. The mean radius a and the Schulz width factor z were the unknowns. The volume fraction was assumed to be known a priori (η = 74%). The two unknowns were estimated by fitting the theoretical structure function SF theo (f ) predicted by polydisperse model I to the histologically estimated structure function SF hist (f ). Specifically, an exhaustive search procedure was performed for values of (a, z) ∈ [1 µm, 100 µm] × [1, 100] to minimize the cost function
over the frequency range 11-105 MHz.
To explore the effect of potential bias caused by assuming a volume fraction of 74%, various volume fraction values, ranging from 0.65 to 0.85, were also assumed in the least squares estimation, although some of the assumed volume fraction values might be beyond the limit of the model assumptions regarding hard sphere packing.
F. Simulation
A set of simulations was performed to evaluate the bias of using the 2-D structure function to infer the 3-D structure function. The basic idea was to generate a 3-D random distribution of spheres, calculate from the 3-D random distribution both the 3-D and the 2-D structure functions using (5), and make a comparison between 2-D and 3-D.
In each simulation, a large number of spheres were generated. The radii of the spheres followed a Γ-distribution (6), with a = 6.7 µm, and z = 51.9, to match the cell radius distribution of the CHO cells. The spheres were randomly distributed in a cube of a given size (400 µm × 400 µm × 400 µm). No sphere overlapping was allowed. The periodic boundary condition was used. The volume fraction of the spheres varied from simulation to simulation. The volume fractions generated were 10%, 20%, 30%, and 60%. The simulations of volume fractions higher than 60% were not performed due to the difficulty of generating random distributions of the spheres at a very high volume fraction.
Two algorithms were used to generate the random sphere distributions: the Metropolis algorithm [43] for the 10%, 20%, and 30% volume fractions, and the forced-biased algorithm [44] for the 60% volume fraction. The Metropolis algorithm generates sphere distributions that are consistent with the Percus-Yevick approximation, and hence the polydisperse model I. However, this algorithm is only suitable for a relatively low volume fraction generation. It becomes increasingly slow as the volume fraction increases. The force-biased algorithm is suitable for high volume fraction generation, but it generates a distribution that is not the same as that described by polydisperse model I. The force-biased algorithm used in the present study was slightly modified from the version described in [43] to generate a sphere distribution for a given volume fraction. The version in [43] was intended to generate the highest packing density. It starts with an initial configuration that allows overlaps, and then attempts to reduce overlaps in every iterations by two operations: pushing apart overlapping spheres by choosing new positions, and gradual shrinking the spheres. The shrinking step [43, eq. (5)] was omitted in our implementation.
IV. RESULTS AND DISCUSSION
A. Histologically Estimated Structure Function for Biophantoms
The histologically estimated structure function curves are presented in Fig. 2 for high-concentration cell pellet biophantoms of three cell lines: CHO, MAT, and 4T1. Each of the curves was the average of three realizations (i.e., measurements from three different images).
None of the curves in Fig. 2 are constant across the frequency range plotted. The curves have a maximum-and-minimum structure, with a peak around 70 MHz, and a minimum around 30 MHz. The structure function at the peak is higher than unity and at the minimum is lower than unity. This suggests that the scatterer position distribution does have an influence on the backscattered power spectrum. The scatterer position distributions for these high-concentration biophantoms exhibit similarly destructive interference effects and constructive interference effects. These results are expected, because the cells are tightly packed in the high-concentration biophantoms such that the scatterer positions are highly correlated. The correlation should be related to the cell diameters. Theoretically, a larger scatterer diameter corresponds to a lower constructive frequency if the scatterers are tightly packed. The peak of the structure function occurs for a product ka between 1.5 and 2 for tightly packed spheres [25, Fig. 2 ]. Fig. 2 shows that the 4T1 has the lowest peak frequency in the structure function curve out of the three cell lines, which is consistent with the fact that 4T1 has the largest cell radius out of the three (8.9 µm, compared to 6.7 µm for CHO and 7.3 µm for MAT).
B. Comparison Between Histologically Estimated and Acoustically Estimated Structure Functions for Biophantoms, and Polydisperse Structure Function Model Fit
The structure function curves estimated histologically are compared to the acoustically estimated curves that were published in [25, Fig. 7 ]. Fig. 3 shows such a comparison for each cell line individually. The acoustically estimated and histologically estimated curves appear to be similar in the shape for all the cell lines. The peak positions agree well between the two structure function curves for each of the three cell lines. The magnitude agreement is not as good, however. Only MAT shows reasonable agreement in structure function curves [ Fig. 3(b) ]. For CHO, the acoustically estimated structure function is mostly lower than the histologically estimated structure function across the frequency range [ Fig. 3(a) ]. The peak magnitude barely exceeds unity for the acoustically estimated structure function for CHO. The 4T1 appears to behave similarly in magnitude to that of the CHO, i.e., the peak magnitude is less than unity.
A number of reasons might have contributed to the difference in the amplitudes of the acoustically estimated structure function and histologically estimated structure function observed in Fig. 3 , and the observed difference was expected. From the acoustics side, there could be a slight bias in the acoustically estimated structure function: The structure function estimation using acoustics requires the knowledge of the number densities of both the high-and the low-concentration cell pellet biophantoms. Errors in the number density estimation will be translated into errors in the magnitude of the acoustically estimated structure function curves. From the histology side, the fixation might have changed the sphere distribution and material structures such that the fixed biophantoms did not have exactly the same structure compared to when the biophantoms were being scanned. Also, it can be argued that a 2-D estimation does not perfectly agree with 3-D reality, which might contribute to the magnitude discrepancy as well. The bias caused using the 2-D structure function to estimate the 3-D structure Fig. 3 . Comparison between the acoustically estimated and histologically estimated structure function curves for high-concentration (a) CHO, (b) MAT, and (c) 4T1 cell pellet biophantoms. Also presented are the best-fit structure functions to the histologically estimated curves using a polydisperse structure function model. The acoustically estimated curves were adapted from the experimental curves in [25, Fig. 7 ]. The histologically estimated curves were adapted from Fig. 2. function is investigated in detail in Section IV-C. Moreover, the method of using cell centers to calculate the structure function implies the assumption of same scattering amplitude for the scatterers (Table I) , which could create a bias on the structure function magnitude and frequency dependence. This might explain why the amplitude of the histologically estimated structure function is different than the amplitude of the acoustically estimated structure function, especially for the CHO and 4T1 cells that have smaller Schulz width factors. This observation is consistent with the MAT cell experiments giving the best agreement in structure function curves and having the largest Schulz width factor around 66.
Despite the discrepancy in magnitude, the agreement in the frequency dependence and the positions of the structure function peaks may yield valuable information. Fitting a polydisperse structure function model to the histologically estimated structure function model yielded reasonable cell radius estimates. The best-fit curves (assuming the volume fraction η = 74%) were plotted against the histologically estimated curves in Fig. 3 . The estimated mean cell radii were 6.6, 6.4, and 7.6 µm for CHO, MAT, and 4T1, respectively. Those values were slightly underestimated, but were accurate within 15% error compared to the direct light microscope measures (6.7, 7.3, and 8.9 µm for CHO, MAT, and 4T1, respectively; see [25, Fig. 4]) . If the assumed volume fraction of 74% is incorrect, then the estimated size would be biased. To demonstrate such a bias, a range of volume fractions was assumed for the size estimation and the estimated radius versus assumed volume fraction is presented in Fig. 4 . Fig. 4 suggests that no significant bias in the size estimation would be expected if the 74% volume fraction is biased. The slight underestimation of the cell size was likely caused by the shrinkage because of fixation in preparation for the staining. Neutral-buffered formalin fixation has been shown to reduce the linear dimension of the cells, nuclei, and whole tissue by approximately 10% [45] , [46] compared to fresh samples. This amount of shrinkage is consistent with the underestimated cell size using the histologically estimated structure function.
There have been debates in the literature over whether the cell nucleus [47-[50] or the whole cell [41] , [51] , [52] is the primary scattering source. It is worth pointing out that the agreement we observed in this study between the estimated model parameter a and the cell radius does not necessarily suggest that the whole cells is the primary scattering source if we assume the cell center and the nucleus center overlap for each cell. The question of which entity is the scattering source arises in the context of the form factor. The scatterer radius used in a form factor is not necessarily the same as the radius used in the structure function. The scatterer radius determined by the form factor describes the effective radius based on the impedance distribution, whereas the scatterer radius determined by the structure function is related to the effective interaction length among the scatterers. For the cell pellet case, there is a debate regarding the effective radius based on the impedance distribution, but the interaction length is not ambiguous-it is the cell boundary that determines the spatial distribution of the cells, and thus the cell radius is the parameter a that is used in the structure function model.
C. Simulations of 2-D and 3-D Structure Functions
An example of the generated 3-D distribution of spheres is shown in Fig. 5(a) . A 2-D slice obtained from the 3-D distribution is shown in Fig. 5(b) . The 3-D structure function was calculated for each of the four volume fractions simulated (10%, 20%, 30%, and 60%). Then, three slices were sampled from the 3-D distribution, and the 2-D structure functions were calculated from the three slices and averaged together. Similarly, the average from 10 slices within the 3-D distribution was obtained. The resulting 3-D structure function, 2-D structure function with three averages, and 2-D structure function with 10 averages were shown for every volume fraction in Fig. 5(c)-(f) .
The simulation results suggest that the 2-D and 3-D structure functions obtained from the same 3-D sphere distribution have a similar shape, and a similar frequency position of the structure function peak. However, the 2-D structure function has a greater magnitude than that of the 3-D structure function at frequencies lower than the frequency of the peak. This discrepancy between 2-D and 3-D structure function was also observed in all three cell lines of biophantoms (Fig. 3) . In particular, the difference between the acoustically estimated and histologically estimated structure functions of the MAT cell pellet mimics the difference between the 3-D and 2-D structure functions shown in Fig. 5(f) . The situation for 4T1 and CHO is more complicated. For 4T1 and CHO, the differences between the acoustically estimated and histologically estimated structure functions cannot be fully explained by the 2-D versus 3-D simulation. Nevertheless, the simulation demonstrates the power and limitation of using histologically estimated structure function to infer the 3-D structure function. Future research will be pursued to derive the relationship between 2-D and 3-D structure functions to allow for a more accurate estimation of the 3-D structure function using the 2-D structure function.
D. BSC and Histologically Estimated Structure Function for Tumors
The 4T1 and EHS tumor experiments are presented herein to further demonstrate the idea of relating backscattered data to histology through analyzing the scatterer position distribution using structure function. H&E stained histological slides for the two tumor types are shown in Fig. 6 . Compared to the 4T1 tumor cells, the EHS tumor cells have a similar size and shape, but different spatial organizations. The 4T1 tumor cells are relatively homogenously distributed. The EHS tumor cells, however, are grouped into spherical aggregates with an aggregate radius of approximately 20 µm. With this unique structure, the experimentally determined BSC curves for EHS were significantly different than those of the 4T1 curves (Fig. 7) . The increased scattering around 25 MHz for EHS is hypothesized to be caused by the increase in structure function amplitude because of the grouping in the cell distribution. Theoretically, the frequency at which the structure function is increased because of aggregation is related to the size of the aggregate. For the EHS case, the 25-MHz frequency corresponds to a ka value of 2 for a 20-µm radius (aggregate size). To test the above hypothesis, the structure function was estimated from histology for the two tumor types (Fig. 8) . The structure function for EHS turns out to be higher than the 4T1 curve in the frequency range of 20-35 MHz (see the arrow in Fig. 8 ), consistent with the observation in BSC. The BSC behavior observed in Fig. 7 of this paper is consistent with the BSC behaviors presented in the literature. Fig. 1 in [24] represents the computer simulation based on the structure functions for homogenously distributed red blood cells and aggregated red blood cells. The BSCs from aggregated cells show also an increase in amplitude in the low frequencies.
V. CONCLUSION
The method for estimating the structure function from histology is feasible. Acoustically estimated and histologically estimated structure functions are in reasonable agreement with each other in the shape, suggesting that the acoustically estimated structure function is indeed related to scatterer position distribution. Also, the computer simulations on random distributions of spheres in 3-D suggest that the 2-D structure function could be used to reveal the shape of the 3-D structure function with a good agreement in the frequency position of the structure function peak, but with a bias on the amplitude. Further research is needed for accurately estimating the peak location and magnitude of the 3-D structure function using the 2-D structure function. 
